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Translation of abstract: 

PURPOSE: A system and a method for imaging narrow-band noise, system and method for 
monitoring the state of a transport machine using the system and method are provided to visualize a 
moving noise source generating narrow-band noise and to monitor the state of the transport machine 
in real time in a non-contact state 

CONSTITUTION: A narrow-band noise imaging system includes bottom and side microphone 
arrays (1, 3), a reference microphone (4), and a signal processor (8). The microphone arrays measure 
a sound pressure of narrow-band noise that is emitted from a transport machine. The reference 
microphone is attached to the transport machine to measure the spectrum of the entire band of the 
narrow-band noise and the spectrum of the center frequency of the noise. The signal processor 
calculates the ratio of the spectrum of the entire band to the spectrum of the center frequency and 
divides the sound pressure measured by the microphone arrays by a sound pressure according to the 
ratio to obtain noise hologram so as to image the noise. 
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tfl€ ■fr^ ; T L T 1 ^* 373-1 

cfl #<*j a] -fi-Aj ^-3 73 - 1 ^ jq-tq-71 7) 7fl 

van 



A°l= 



°1^*H=. o.S-¥-El wj-A>sl^ ^cfl^ i-i-Sl (hologram)* °l-g-SM ^SNM-g- «8 

fl-O.^, **7l*|<q ^ Hj^* Aj-EfloflAi ^^717111- « S-MtWHr A]^ ^ ^ofl ^ «j- 

4. ' 



# ^Rr *fl 3 ^ Aj-7l ^ 2 ^7ll<H|A-1 ^-§-3) -g-°HH ^7l *\) 3 i&TiHH i^JEig n]ofl S}^ -g. 

■a-* M-¥<H fltfl^ i^-Sl -g-jsLJ^-g- <$JL ZL^Sr ^^WRr 7fl 4 ^7l)» 3^*1*. 



SfV, 4-& 7% 2] Aj-Bfl JEA^E]^ Al^^^-, ^7)^] 7], a| l-^Kr ^3 ^*HI ^"7l -g-^7| 31 

S) «1 ^ojg^ ojjg 7lel<?!;-§- ol^fijjl, ZfZfS] ^ofl *i*]SH Aj-7) £-^7] 7jl5_^-El « 0 >A>£)^ ^ 

'M-Slfe ^Cfl^ ^i^l cflo^oflAl ^Aj ^^oflA^ ^^Sfe 7l§ nVola.^.^; Aj- 7 1 
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£ ^e^^; <$7] ^7l^la] xg^Eflsf al^^Efl^ ^ ^ T^J-tr ^^^4; ^71 ^7)^S) i 



S. 4 

* i^Sl JHfroq tflq*. Jjtjr 3) A^ * 

1 : ^>Y^ °>ola.S€- ^zflol 2 : ^-g-*fl 

3 : &g pM3£* ©JiSlM 4 : 7l§ aHaS* 

5 : 6 : ^fl^ Aljr ^7] 

7 : ^e)H]Ee| 8 : xq^]^ Ai^^7i 



* tt^-fr °l**rfe i-§-^o.S.-?-Ei « 0 >AV5]^ (hologram)* <g^^ Hj-^ofl 



I 
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<ya}2} 7l^^ (reference surface) 0 )]*^ -g-^sound pressure)* ^«fl^ *SZL^-|- ^ofl -g-^ofl 

^Tl^-g-^H^ HHr'S-B-U farfield directivity information)^ e?! 3 *3MM 3 WQS.'d iL(a nearfield ve 
ctor intensity information) £]- J±(a surface velocity information) ^ %"%-Q£.^]L(.a total sound po 

wer information) Slty. 



«1 cfl*l«- 5H^]J1 



olM-^(J. D. Maynard)^- °). -S^^tE. G. Williams) ^ sM. el(Y. Lee)3 1985Vl^ <>Hl 3 -8-^3| 
74fl 45l^ 1395 1413^(Journal of the Acoustical Society of America, Vol. 74, No. 4, ppl395-1413) 
°)1 M e7l5l-§-;3-<>M3] *^*SJ.sfl3q (Nearfield acoustic holography : NAH)3 1. <ti«}-8-S3.Ei|:s£l ol-g. ^ 

e>)^-§-^-oflA^ ^-^^.Z!.2fls)a1 7M(Theory of generalized holography and the development of NAH)"°l3}- 
*r fe^, *IM. tq. p)lomc(j. D . Maynard)fif ©]. ^<ys(E. G. Williams)^ n|9j-s.g] ^ 4> 4i5 t 9 96 J;ofl 
7l^fl€ "^^-¥-^)lt!-^ *S.Z2.gfl^^-^-^( Nonwavelength _ limited holographic sound field reconstruction)"^ 
tfl-g-jq., Hl oflc ?ljo}(BK)*HH l^tr 1989VI simM^^r *11 1 ^.(Technical Review No 1, 1989, BK public 
ationWl 7«^ *\}o]. ^t=(j. Hald)^ "TjlWl ^A}^ ^7]^^^^\ ^^^3)3) 7|*<?1 

•s-QQ ^^^^'S (Method of Spatial Transformation of Sound Fields-a unique technique for scan-based n 
ear-field acoustic holography without restrictions on coherence fe-g- ^, .§.-8_(Loyau)£f- *iM. #1. 
it(J. C. Pascal) ^ sH. ^^^(P. Gaillard)^ 1988^ ^la^r-B-^r^M 84iH 5Jl^ 1744 tfl*l 1750^( 
Journal of the Acoustical Society of America, Vol. 84, No. 5, ppl744-1750)°fl 7fl*fl^! "-g-^^J-S.-if^lS.^f E] 
^^^-S-^-g-S^^^^r^KBroadband acoustic holography reconstruction from acoustic intensity measureme 
nt)"°]2Hr fc-g-ol o) ^tg^ &m$\o] $icf. 



°}7H]a-] -g-^l-SziEflirj^ji (hologram surface) °1 ^\SL *e]^ 7l^<a°1H <^^- 

2fl^1 (planar acoustic holography)^- €*^-§-^l-S.nHfl3i] (cylindrical acoustic holography) ^ ^-<S.-%-^^S.=i 
ell 3 ! (spherical acoustic holography)^ t 1 ^-^^. 



A «7^>7fl t^^l^. ^^-£7> ^ *S.Zl^oll S]^ ^-^-31 ^1S1£7> i^Elfe- 51 ^«H, "fl^ 

& ^£ Si^. iAAlTj-sf 4iJa.al-g-* #o]igAi5E ^^-S.71- ^fr |aaS| <g^. 4, ^j- 

5.A>^ ^-^7> §iol Al5l S 7l. ^ -g-^-ojl^^. 7}^7\) f>\B\±t i^*r ^7} ^#E) JL Sicf. 
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♦ °l-8-*H *r-n-*?Kfree field) ifl^ J5L^ $l*HH3l -g-«h ^*Hf£, -g-*J 91^}^, ^ -g-# *W %-*\ -fr-g-^ -§• 
*W3£€- ^elM* -g-^)°J ^7)?fl£}- $-*q ol^.A}?)^Ai «r3tfMo> Sfe *3@«-ol t4#cf. 



-g-^i^Hfl^Hj-H^, s). ^jjL^Kp. Rasmussen)3f °fl^. 7>H.(S. Gade) « Hi. ?!(B. GinnHl ^«fl 
^^-s)ol, 1996V1 *1]43 i el sq^fl ^-ofl ^ ^l^tfl 31 (Proceedings of Fourth international congress on sou 
nd and vibration HH "-g-^Hfe ^H^s] eM 0 ! #-1-^31 (Tyre noise measurement on a moving vehicle)" 

tr wl* ^ g-*^ o] o^cf. 



^r. $H<M ^^tr *2flS] e-gr^tl tMl^r 4»13S$4 Sr%l}£\ JLB^oj &o} #£S r >ll -g- 

5J°m. ^, °l**rte -S-^ofl t««IHte ^3f*r ^^o] *7>^«4. SL*V, i^s] -g-^ofl tfl^ ^aH£. HS-g-g- 
«>l-f-^l?l^ ^SHr ol^nj. ^a)-a] -Sr^U (Scanning method for measuring)^ ol-g-ol *7l-^§i IBS, 



°1* cflt& 7>Als>«J-^£ 7>xls h>, rfls^o] ofls.*? 3*+. ofla. 533Afl(W. F. King 

m)2r n). iH^H(D. Bechert)^ 1979^.-^31^^1 66^31 311 vfl^l 332^3 (Journal of sound and vibration, 
Vol. 66, pp.311-332Hl Tfl^M "S^ 7l*HM iH^fe ^s.^ i^g-ofl «-S>^(On the sources of wayside nois 
e generated by high-speed trains)" fe-€r«*IMfe- nM3.-5.-g- o]z]]o) -&-2- -tJ o] u|- xxj-jg 2*}Q 
^sflol* <>l-8-*Kr ^IM i7flE]^nf. o]^ <a^o} a] ^^^(beam forming method) ^S. Jl^€ ^ 
*i|5a^. °] «J-^-e- 7Va1s>5>jix> *>fe jg^ofl 7 >^tr ^-€1-21 371^* S«*V^ U-^^-S., 4J*|| 

^ a^^- ^ aife ^^01 sat*. 



°1* ^-eflojofl -g-^*S.rt2fl3lM 0 »a (Moving Frame Acoustic Holography, MFAH) ^.S-H. <i°l*l. 1i. 
1H(H. S. Kwon)3l- SM. ofl^l^l. ^(Y. H. Kim)2l 1998V!* ^nflal^-g-^^^l 103^^ 1734 1742^(Jou 
rnal of the Acoustical Society of America, Vol. 103, ppl734-1742)<>H ^#^=S-S.ziEf|3q# ^ Q o] 

■W- HbH*?! 7l#(Moving frame technique for planar acoustic holograph)"^ afe fe^-js}-, tfltb'S'^ ^-^^^ >ll21 
7827 ± "ol^ -g-^a] -frjjL^-g. ^^S>oj -g-t§= s.^^. ^Aj-^].^ Al^ig « ^» olel-^ ^oflAi^, -g-^ofl cfl S > 
ol ^-rfl#£S ol*5>^ p>o] 3S ^ o^^ol, a ^.^o] ol^s>^ 34-*l3<*^€<5Hi °><>13LS.^ <Heflol# o]* 

«H ^"*cr *S.ZL^* ^^^VJl Ol» Ol-g-§}<^ ^oflAi tyA}£\±; ^-g-* ^AJ-S>*>^ A]i^ * #lfjol 711^5)^4. 



^el^, ^lel* ^Eflsl o]^- Heil^«Hl *?!■ **«-s^afl^»S-«a(MFAH)* ^*Hr** ^3^1?lfe °W 4i-g-^* 

* 7MS>« =r Sa5a=r. tfl^^ 7Mfe ^-g-^1 tfl*V ^Aj-^i= l-7f^-«- *^l^ol ^ojc]-. 

Aj-7lsq- ^ ^qj7i^sl sfl^6->7l fl« ^ iftigsj s.^^-, cf<g ^3|-^™d> ovqsf ^cfl^ ^-g.-g- ^-^ai?!^. 

°1* ^*€-i- 7 r A|Sl-S>^ ^rfl^ ^-g-Sl <g^Ali^ ^ ^1^-S>7l W 5!<>14. 

^ **7l^5l i-g-^ofl Cfltr IllH ^^§V^ rt ^7l7flSl Aj-Efl* ^aRV 

«1^# SMBl^S>^ A]^^ *2 aj-^^. ^1^71 ^^V ^o]7l£ 81-1}. 
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^-*|* flfc -g- ^ofl nj-g. ^cflq i-§-& ^Aj^^ Al^tg-g-, -g;^7l^7> A^Rr ^5.2] oj 

7flsJ?-El iM-sq^ ^nfl^ ^-g-s} -g-°]-fr ^sHr *>^.^ ^ n >oi as ^. cHefloisq., 

#7l ^-#7) Til oil -^^H ^7l **7l?flS^-^ »a-A>£)^ ^tfl^ i-g-°| ^ cfl c«j * ^Aj ^^ofl^ o| A^E^jA 
^ 7) § *M 3.3,3;^, 

Aj-71 i-g-S] ^l cfl^ofl^S] i^e^jq- ^Aj ^aJ-^oflA^ i^e^S) ^Sj-JT. ^pf ^ ^ ^ nj-olas. 

« <H4°H^ ^« i-S-^ *"*H<*1 4}-7| aiofl sj^. q-ipoi i-g-s} isa^f ^-eM ^^-si-«> 

^Sfl tfl^(f h )4 ^Aj ^JiHHf,,,. £| i*^* ^*Hfr *f| 1 ^Tfliq-, 

-^•7] ^cfl« ih-§-2l ^l ^^31 i^E^j^ ^a] ^h)-^o(|a-]o] i^E^^ til-f- ^| 3 c^), w 

21 tsaff <£jl n?j-§- ^^-sf-s-l-fe 4 #7)1-1. s-^ o_ s t!rt+. 

S] Spfig * ^CLS-SfEl 71 S] <>135)J!, Z\Z\2] ^^l-Tfl ^^5)<H Aj-7) £-£7l TllS. ^Af-S]^ ^ 

cfl^ -g-<£h§- ^^>fe *>^-# ^ D >ol3.s.a. oleflolfil-, 

^7] 4-^7) Til <=>ll Jf^Slol Aj-7] ^7)7)]S.-?-Ej ^AfS] ^ tfl ^ ^-g-O} cH^oflA^ ^^^^4 ^A] ^^oflAi 

^ ^^Bf^ 71$ nVola-^s)., 

^-7) i-g-^ CflSHA^ i^E^3!}- ^Aj ^^oflA^ Hll- ^-S>i Aj-7] 3}-^-^ ^ ^ ^olHS. 

i ^^oloHAl * , a-o)lAi Aj-7) i«)H^Sl Wl^fl ^tl- -S-°J-* q-^^ dl-g-21 t^^t ^*>^ ^^sV 

^"71 ^7] Til $ ^Aj-Aj-l^ HHAj-Aj-E})^ -^J - ^ o.^ £# 7^^^ 

^71 ^7] Tfl Si i-g-Sl ^5L3.aj-i- Aj-71 7-l^cJofl 7^^ i^]^^ ^^\cr\ ^- 7 ] o_^. 7]7 ^s\ 2.U) ^ ^ 

^ S^oH ^ -Sr*7l Til^l Aj-Hfl S.qEl^ tflolElUlloli ZjL^ ^7lTfll- ^^Efl ^ «1 ^ ^Efl 

-St^^a-1 aj-71 -S-#71t1Ha-i hj-aVsi^ di-g-fil taa^f 'S^-sj-si-^ ^ 01^^01^ ^s>^ ^1 1 Cj-Tfla}-, 

2-MEl^ tflAj-o] £^713171. o.^ ^ofl «J-Al-s>^ i^-°l ^Aj-^l-^. ^1 2 cjTllSl-; 

Aj-71 SMEl^ cflAj- ^7lTfl2l i-g- ^Aj-g. clolE^HfloliollA-l Ajj ^ tf 7 ) ^7l7fl^ Aj-EflS. ^ 3 #7fl 

°1«K i^i* fi!}^^ ^ AJaHHI "^CH^ 4l-g-^ ^Aj-S}.^^. AlA,^^ MJ-^, « OH- <>1 ^- 

*>°1 -gr*7l7ll£l Aj-EflS. aqEl^gl-^ Ali^uH- Wj-^"^- ^cf Aj-Afl*l-7fl Aitg«1.7lS. ^r4. 
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^w>a}^s. o)^-H5H<a W&SZLEfl^(MFAHHHir ^S-^oj] Ji^sjol -g-^o} S^Rr t£a^ 4&31((x 

h. Yh. 7<h))^ D l- 0 la.S.€-Ol JL^-t^ 4&31((x m , y m , Z m ))42l ^5).^^ ^ _g.oj.ofl £#e1 j:3j. 

°H, "HaS^4i4^ ^cfl^£( UmA (t))^rU m (t)-U h (t)4 4^. 7^£^ S,^ ojtg.0. j=L Am _- ^ 
^4^. 43$4. w€°l °1*«KH. *M3S^o] 7l§ ^-a7fl(X,Y,Z)7> ^ ^((x mi y mi z m ))4 

*r*H 1 



444 2|-a7il <>lM<q ^-oj-( Ph )^. ^cj-i) 2 si ^tfi^I^M *«fl 44^4 34 £<H44. 

44*1 2 



oil- £ 2ofl 5LA]£ «><q- 3g^^ ^-^-ofl ^ o., ojo)oj jg^oflA-1 Zh = 7 . H ol^ f x bJ-^o.^. ^I^^fe ^£4 

44*1 44 £<>) s€€4. 



44*1 4 



o^H//* ^ o-s^, 3-443 X^144. ©I 3* 44*1 4« -tail's, ^-#4 

si ^Ktsaf^ )4 ^JiC** )sl #0.3. 3£^4. ««, "M^fll x tftfj&3. Um/h (t)=u m 

(t)Sl 45L» 7>*1jI O]^}^ ^JjL P>ol 3S .^.ollAi Al^V AlJroflS: Ol^ ^.g. O] ^ £#5l3l 

qo_S. 44* 4 5U4. ^Sl 34 ^r4^ 4-sL-S-el ol^*>^ ^ol^s^oflAl ^^S>^ a^V Ajj.^ ^^1 54 
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^. ^^r(fho ) « •^cfl^a^«:^(x h =S mAl (t))* 3^ ^31 <S?H - oj.£ - ^ 

^-4iJE.^-( complex envelope) SLg. i^sj-§- ^ &cf. 



6 



MFAH ^*»9-«a-a- S^S}JL i-§-^ol cfl^ dt-g~i- 44*1 ^-f , H nfl^S.ol ^^^ofl Hjgj) 10% n |n_v 

SI fltfl^ i-frolS MFAH» o]-8-«]-^ tfl^ ^i-g-el *S.ZL^-g- ^ ^ ^cf. ^cfl^ ^^-o] ^Aj^4^^ tfl^-g- 
^ f hc 5>j- B 5}J! 73 q. £ol a^^Cf. 

=r«Hl 7 



°)?]*\. f h _ = fhc _ b/2, f h+ = f hc + B/2 <>H, -fc^o] ais-^ -|-€(uncorrelated sources)^ ^ 3^93 

■8-^ 8*1- 5Ll^ol 7>^cf. 34. oj£^ ^cfl^ i-S-n>* <g 0.3^ <*1 ^(filter)-!- °l-§-1}-nK 

--r^ 8 

fi('„;,.i,;/ 1 )a«)P,(i„> l ,i,;/J (/Ys As/,.) 



9 
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, 3tW€ -S-€ i*|S3(A(f h ))* 71$ 4°l35.£-(reference microphone )<L3.%- B) 

104 £°1 <9* Si4. 



^«h=i io 



d\ 7 ] A\ y{Wj ^7lf n>ol 3.S.-&31 *1 !• l+^ifl *1 ,W S*WrfJ tt 44 $4*^ f h 4 ^A) ^uj.^ f hc o,} 

A-J^ ^eig-a. a^^-cf. nJ.BJ.X1, 94 ^a} 10^-S.Jf-El tgcfl°4 i-g-Sj -g-^ °>Hfl£l ^4^1 114 3. 



11 



R(il,«..^)aP,(i i ,, < , I , 1 /.)»ii. 



MFAHS. is^H-fr <>3* ^ &-g-* £ ^ &4. ^, «M=L3.* oj^oi^i^ oj^ ^a]^ 34 
^4<=4 HS.^ o>2flSl =^4^1 4°1 "3^44. 

*r4*l 12 

P.(aj-..z.;«)-J^U. -S.,.t0.y..*../..)« /"j*"''} . 



^H«l i-g-Sl »S.Zl^(P hc )^ 4i ^^A]^ (Pm )S. 71 ^ D Vo] 3S ^Al^ (Pref /Prefc )s _ q.-^ ^.g. ^ ^4. 

S. 4}=r ■£ ^31 ^ ^ AH 6(| rej-s. ^7l^|oi aj.*14 Aj-tfl S.xJ\^a]^t§-§- £ a1^ ^iojcj.. ^oflAl^. *j ^ 
^^«H z^-g- 44 -ti*14 4-r- 1 S nfoias.^. oieiiojd)^}., -g-£7H si -sv^-oii -g^SH 71$ ^-°J-a- lH94fc 7l 

$ »H3S^(4) 5.44<^ **7l7flo||^ «j-A>Sl^ ^cflq ^-g-s- ^-W&4. 

°H, "Mas.* <>H°l(i)7r 3*14 ^ 4X3HH ^4 -§-4* 7i$ D >oi as .*(4)°l 7]& a^s. 
£-44 *^q-q 134 4317} Aj^^cj.. 

*r«M 13 



S4, ^-g-^°l 3*14 -fr^-Zl^ 4a^l°flAi2] -g-oj- Ph ^ =^^a] 231 Aj-cfl^S^^ ol-g-^tg ^«t-Aj 14 <4 ^-ol OjoJ 

*14. 



^-SI-a] 14 
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oil ^)S\o] i-g-^c^Jfel ^VSlfe #^1^ * #7fl(2)a(- > ^71^121 ^5]$. 

v\o] 01^01(3)^ o.^ 7 i^]^ g^ofl A|*)s|o| 7l§ -§-<£-§- 7]^ d>o] 3.3.^(4)3}-, £r#7l?)l3l 

^ 3^ % tt^lzM- #*1*M -Sr*7l^]2] °>o] 3S .S. o^ol(i)(3)ol) cflig. ^-tfl^^s. Al^s ^^j§V^ if 
2] ^-€^(5)^, 71^^013:^(4)3).^^ ^ ^ *H3..£.£- <H3H(1)(3) ^ #€*K5).sLJf El 2} Alj^s.^. ^ 
A H ^Ml^t ^7l(6), 71^ p>ol 3.^(4)21- spftg « ^.^ n >ol3.s^ <H (l)(3)S.^-El 2] a]^ 

^ *7l# nj-^7l ^tt*7lA|3l2l -?-Aj ^A] ^ ^-7l-7l§ D>ol3S.^(4)^ *) ^PgS) Al^S. cJ-Sfl ^ aJ-^ 4*^7l( 

6)3. -?-Aj ^Al^ ^5lHlSel(telemetry)(7), ^ Aj- 7 1 -g.oj-.g- ol-§-s><^ hj-a} i-g-g: <3 Aj^^i- a] 

& ^^71(8)1- JE^-ti-tK 



#2) 1/4 ^S-S. ^^s>31, #4!Ui(5)*T 7>a1^.§>jix1- #S.O.^Sl ^ 37)ilcl- 3.711 ^^8^. ^.S cl 

AlJ; ^5l7l(8)^r 7flSl* ^SH, £££ ^nfl^ ^-g- ^Aj-J}. »|M H>^0_S 7^ D >Ol35..S. p}. 

°1HS.^ <HflHo||Ai -g^Al fM- 

^•7l<4 £°1 Al^^^- Ol^-§>C^ O-^^O) Aj-Efl# fiMBl^jfe Wj-ig* ^^^-3 £rj-. 



^# *-*7l7fl» <^Sl ^Aj-Aj-Efl * aHAj-Aj-EfloIlAi ^^SV^A^ ^7l^O)lA-l «J-A>E)^ ^-§-^- ^oflA^ 7 1 

^ Al^^^- ^-Sfl <^Aj-^cf. OjAj-^ i-g-g- 0.4,71^0) 7^1-^ ^AJ.^- ojAj-3}- itf|^Al^ ^7^1 Z)- 

■?-2l i-fr aj-A}!- i-g-Al£.l- ^^tb^. ^7l°l i^- ^Aj-5io) 7l^^af ^r*7l^l « 

^>-¥-fil 71*1-1*1-3 *§^5L2] 71^^311. ^^3}. ^-a^Tfl ^jgsl-j!, oil- ^^3g S ].^ 3).^^. ^^^-n)-. o^tA q-^ ^ 
7l^H rfl*fl zl-zfo} #S.o)l cflsfl ^Aj-Aj-Efl « al^Aj-Aj-EflofiAl MJ-Afs) ^ ii-g-^1 ^£ ^ ^sj-^^s rflolelHllol^ 
S. ^^3L, ^^E-loll 7-1^4. 



^, -M^l S.qE-1^ tflAj-o] ^-^71 Till- ^oflA-1 7l^t!r Alison •g:4 : 7l7lHAl ^ ^-g-^- AJaI^-AS. 

^Aj-^-sH, $.^71 7)1 °1 7lS>«l-3 ^Aj-Jlf ^Bl^^ rfc-g-AlSLSl- ^ ^34^r# 0 ^*H ^AlSl- Hl3ES><^, 

^717)101 Aj-HflS. #Q ^ 

S 5fe cfl^ dt*ofl cfl«- 3-g-Aj^- ^^S>7l ^§V^ ^^^r* 450Hz5. i^Al^i cfl^^ (a) 10Hz, (b) 32H 
z, (c) lOOHz^. >£:§}-Al?)iSAi ^ ^ °fl ^Sl^ -g-^-21 -S-^zl^* ^^oUa^ d\]^iQ- |4f £.Al5>Jl 

°H, Al-^-gr ^f-^S. Ol^*>^O.nl Al^ofl =-3)^1- 167 flo) ^olHS^. OlBlloU- ol^>^cf. ^, ^ 7^ 

ajahhi ^-Tl^H °1 ^^*V5J^m, olBlt!- aJahi^ °1 ^msi-^fe ^ol ^l-qal- <^1ai*> 

^o]t)-. ol ^ol 4t*}±: ^^AHl^fe O] ^O) 7l#A>Aj-^- ^Ol^-O] o^o] ^ ^a|o)1o)1 cfl£ cfoj:^. ^ 

^1-H- S^t 3:^ols7l-^l-ol aI-^-S- ^^14. nels.s, ol thgs) a.i'g^l^ ^-f-^ ^^P-'g^ofl slSIH'?}- 

53 °H, ^4 ^ 'fiSHlM- £1= 2:^o|l» S-if- il&SKr ^ «fl^£lo)o]: -g- 5J0IC}.. 

13:121 Jl4 
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^ °cM}-§- c-|jolE]aflol^sH^ ell ^ ^6]} cfltV tfl^ol ^ 7fl ^.ofl 3.7)1 7l cd, ig- ^ & 

4. 



(57) »J3 

■Sr*7l^l7>^ul-7>fe ^5.31 <y°l°} c^ofl ^7] &^7>4|£) ^o.S^-t) 7^2] o]^S]jl, Z]-Z}-o| 

^■^1 ^^5>7fl -g^SH ^7) ^7H]S.^-Ej #A}S)^ tgcflSj o.^ Sj-Jfig « pj-olHS-g. <^ 

Aj-71 i-g-2l #*)1 rfl"*HAi<q ^s^jq. ^ ^^ofl^o^ a]t ^-sKn. -# 7l ^ p>o1 3 a. 

*ll 1 iHl 9X°)*\, 

S^S} 1/43- -S^sRr 3j-§- ^tfl«| 4i-§- <j§#J&. Al^^. 

7l§ 3*HH i-g-^A^Ei w o >AV5l^ ^tfl^ ^-g-fi] ^Afl Cfl«(f h )3}- ^ ^H)-^(f hc ^E^-fi- ^-g}- 

*l] 1 #7)1$}-, 

^ 3*HH Aj- 7l i-g-^^^^Ei ^2] -§-<a-(p m 2 ^1, 

-^-71 ^1 2 <a7i)ofH i-i-si -s-^Ai ^-71 ^1 3 ^loflA-i ^-tb -e-'a-fr m-^'H ^-s- 

4. 

£-*7l7fl7> ^lM-71-^ ^S)^ ^^ofl AJ-7] ^7)^0) gj.^.^ ^^O.S.-?-El <fl^ ^elnl-S. 0)^5)^, 

^^l ^^Tfl ^^Slol Aj-7) ^7]7jlS.-V-Ei «J-A>5)^ i-g-0| ^.oj-^ ^^*>^ ^ D ]-OlHS.^ 

^"71 ^71 TJlofl ^SJ-S|CH ^71 ^^71 TflJL-Y-El ^AViEl^ ^ Cfl ^ cfl^oflA^ ^^E^^ ^A) ^^oflA^ 
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a. ^5iioi6|]^ A^tt i-i-^ -i-'a-oflA-) -y-7] -t^e^ U ]oii o^sj. -g-<y-fi. q-^c^ 4.0.0] ^s^l^^- <g^s> 
^ ai^ ^^^4, 

^*7|7)]^ ^^HflS}- Hl^Aj-Aj-Eflo} ^f§^ 4- -§-^l£» X-)^^, 
^T 1 * 5. 

#71 ^ *ig vlo}^*. o]^o]cI\ "Has* *W*1 ?13£r ^tfl# ^^Hr ^ 7># fe-fr ^4^41 Sfl#*Hr 

s}-#2) 1/45. iWKr Sfe **7M1&1 #Efl S^B^ Al^^. 

6. 

4 ^1 <&o]x\ t 

#71 **7l^l7> ^l+71-fe ^3.2) -g^Sl^ Aj- 7 1 £^7l7l)3l *l«g « **AlZH- #^S>a} #7] aJJ: ^ 

el=T=^°)l *H^*H=- ^ *3r£\ #^i» c| S#*><^, #7l **7l>4H tfl^. Aj- 7 ) sp^ * ^Wase <HelMsl # 
8. 

*fl 7 #°fl floH. 

9. 

*)i 4 #oi] sa<H^. 

#71 71^ oHas^^ #3:4 *H?-ia ^ «>oi3S.$ <h*h©w*i x\±s. ^ 7ls ^ 7l ^. 7] 
4#3l4 <$7) 7l§ d>o] 3.3.^0% a-1 3"r#«H #71 #3: ^el^^l 7|)^-sfe ^SM^hI^. ^ 

i#t!" f^AS SRr ^71 Tflfil 4)-Efl S-qEi^ AliB§. 

^^■^ 10. 

rflolEjUlloli ZjL^ ^717)11- ^^-Al7]^A-1 ^Aj-Aj-Efl * Hl^Aj-Aj-Efl^. ^-^Sf'aA-l Aj- 7 j ^ 7 ] 3] ofl A^ BJ-A]- 

51^ ^-§-3 <^#S}-SV^ cHolEiBflo]^ ^H?)-^ ^1 1 ^1^, 
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tfl#oi ^7]^l7> b o 1-A>§>^. ^-g-o| tsa^f ^#3)-«Bfr *fl 2 ft 7]1 2}-; 

#7l S^E^ uH# *#7l^Sl 4l-g- <3#-g- C-llolBlttllo'lioflAi #7l ^7l?)l^ #Efll- ^ 3 ftTfl 



11. 



*fl io #<>)l 



#7l 1 ft 7^, #7l C-llolEluflol^ ^-g- &&7] Tfl ofl Cfl*]-^, 71 § #*H)*I .^-g- C^".^ #Aj-S) ^cfl^ ii-g- 

2) ^Sfi Cfl^(f„)4 f^J ^M-T(fhc )<H1^21 i^H^ U|* ^>Ji, *3 ^^1<H1^ #7l ^^AS-^-El # 
#3Tr i-i"^ -S-<a-( Pm #71 ^dlE^sl ulofl i^-ol, -# 7 1 CflOlElHfloli ^.g. o.^7HHAl #A> 

51^ i^-Sl <5^-4L^ 3 -g- a^o^ s>fe ^71^121 #Efl #«j. 

3) ^12. 



10 *cMl 5fl«>H. 



#71 2 ftTflfe, #71 S-^El^ tfl#<?] ^7l74H tfl^M, 7)^ ^^HlA-1 ^^O.S.^-E-1 #A}£|^ ^rfl^ i^-Sl 

3 31 cfl^(f h )4 ^rSHrCfhc ^H?^ nil- ^SVji, ^ #7l ^-g-^S.^-El aj-Aj-sj 

i-i-21 -fr^Cp,,, )♦ #71 ^S^o, tilofl 2)i£ £-<SO_3. ftY^, #71 £ME^ tfl#o] 3.^7] 3} o,)^ #A>5)^. ±_ 

^r°) <3#3}-si^ 31 * s^i j^g. s>fe -^^7171121 #Efl aq&i^ #«j. 



13. 



*11 10 # ifl^l *ll 12 # ^ <>1^ ^ tg-ofl ^o^, 



#71 *ll 1 ftTHfe #71 BflolElUlloli ^.g. ^^^ofl^ #A>£) ^ i-g-# #7l C-)] ol Bl Ufl c»l ^ ^.g. O-^l^cq 7 ] 
*W <3#*1- iLti^Al^ ^7l7fl #^-21 i# #A>* SftS>fe dll^l£» ^W}^ ^olElmlol^SV^L, 

#71 Tfl 2 ftTflfe #71 tfl#ft -S-^7l7l]7> ^ofl #AfS>^ i-g-S} *S.Zlfl3|. #7l ^71^21 7l^^ 

<3#* -SL^a]^ ^^l£2l- ^ ^3IHM. #71 tflolElBlloliofl ^2]§l-Ol ^-71 5Lu]Eli8 tfl#ft 0.4,71^^ ^ 

* 31 ^ ST-lBl^SVfe ^j-g- f^O S ^ ^7171121 #Efl au)Bl^ #tij. 



35. ^ 



1 



at«=0 



at /=f 



/ 



(0, y m . z M ) on measuement coord. 
i*ho. Yh' z h) on hologram coord. 



(0. y m , z M ) on measuement coord. 
(S,™*(0 + *m. //r. z h) <» n hologram coord. 
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2 




Doppler Representative Source 

shifted wavenumber spectrum (3) 

spectrum {2) spectrum (1) 



4 
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